Tornadoes are deadliest of all winds causing damage to life and property in many parts of the world. Their uncertainty and associated danger makes real time investigations difficult. In the past three decades attempts are made to simulate tornado-like flow in the laboratory and expose scaled building models to it. Many earlier attempts did not consider the translating effect of vortices. The present investigation explores the characteristics of the tornado like vortex developed using the translating tornado-like flow simulator at Tokyo Polytechnic University and the generated flow field surrounding it.
Introduction
Tornadoes occur worldwide every year, causing damage to life and property. Recent investigations by Tamura (2011) give the statistics of number of tornadoes occurring per year in Japan as high as 35~40. Aerodynamic forces are induced on building structures exposed to a tornado resulting in damage of structures. Many researchers in the past such as Chang (1971) , Ward (1972) , Jischke and Light (1983) , Mishra et al. (2008) , Sabareesh et al (2011 Sabareesh et al ( ,2012 have investigated the pressure distribution on scaled building models by exposing them to stationary vortex. Sarkar et al. (2005) developed a tornado like flow simulator which could mimic the nature's violent vortex better by incorporating the translational effects. The new tornado like flow generator developed at Tokyo Polytechnic University is capable of generating translating vortices enabling a better understanding of the underlying phenomena of tornado-structure interaction such as the combined effects of translation and rotation of tornado vortex on surface and internal pressures on buildings exposed to it. A pre-requisite for this will involve characterizing the structure of the laboratory tornado and also the flow field developed around it. The present paper discusses in detail some of the measurements performed to determine the variation of velocity at any point in the ground as the tornado translates and also the variation of pressure at different points on the ground as the tornado translates.
Experimental Setup
The experimental setup consists of a translating updraft system, see Fig 1. An axial fan at the top deflects the surrounding air into the convection region. The air that converges at the centre ascends up. A honey comb structure at the bottom end of convection region removes the vorticity associated with the ascending flow. The updraft system is two-layered with provision for the air that ascends up to produce a rear flank downdraft. The air that descends through the outer layer is deflected by the vanes kept on the periphery, which provides the required angular momentum to the incoming flow.
The translating system is capable of traversing above the floor of simulator for a total length of 2m through two parallel rails using a linear actuator system which is remotely controlled using a personal computer. The instantaneous position of the traversing arrangement can be recorded using a position sensor which is in turn connected to the data acquisition system. The height of the floor can be adjusted using a pneumatic setup to enable different heights for the inflow region. The vanes at the periphery can also be adjusted to impart varying range of angular momentum to the incoming flow. Arrangements are provided to supply water mist and green laser to visualize the flow.
Fig. 1 Moving updraft system of tornado simulator
The main parameters that govern a tornado-like flow are Swirl Ratio, Aspect ratio and radial Reynolds number. In the present investigation these values are S=0.9, a=1.2, and Rer=2.09 x 10 4 , which are in good agreement with those of other tornado-like flow simulators.
Velocity Measurement
An important feature in characterizing the flow field involves the measurement of velocities at selected points. Hot wire anemometer probes were used for determining the updraft velocity and the velocity at different heights above the ground. The velocities were simultaneously recorded. Flow visualization depicting a translating tornado core is shown in Fig. 2 100
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Fig. 2 Flow-field showing translating core of tornado vortex
Pressure Measurements
Pressures were measured on the floor of the simulator, while the vortex traversed over it by instrumenting the floor with pressure taps. The pressure taps were connected to tubes which are in turn connected to pressure sensors. The pressure measured at the centre of floor when the tornado vortex passes over it was recorded. The time history of these pressure fluctuations is shown in Figure 3 . At the instant the tornado is located above the central pressure tap, it records lowest pressure. Core radius of tornado vortex is determined as shown in Figure 4 from pressure distribution on simulator floor. 
Conclusions
The flow field in the newly developed translating tornado-like flow simulator was characterized; the parameters governing the tornado-like flow were in good agreement with those of other vortex simulators worldwide. Some of the observations were: Flow visualization depicted a tornado-like core in the confluence region as the tornado translates. The vortex developed experienced central pressure drop typical to that of natures full scale vortices. Thus a flow-field suiting experiments on tornado-structure interaction could be generated which will enable investigations on the combined effects of translation and rotation of tornado vortex on surface and internal pressures on buildings exposed to it.
